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The first contribution of this special issue is entitled 'Performance of deeply integrated GPS/INS in dense forestry areas' by Soloviev et al. It deals with a deeply integrated GPS/inertial navigation system architecture for kinematic vehicle trajectory determination under heavy tree canopy coverage. The overall goal of the development described in the paper is the precise determination of trajectories on the centimetre to sub-decimetre level for geo-referencing of images and laser scans taken from a vehicle. As commercial off-the-shelf GNSS receivers fail to provide reliable signal measurements under severe signal attenuation, GNSS navigation technology is augmented by high-grade INS, pseudolites and a terrestrial laser scanner. The performance of the deeply integrated GPS/INS solution with navigation grade and tactical grade inertial units was tested in suburban tree-covered and dense forestry areas. Results demonstrate that the requirements of sub-metre level trajectory determination for geo-referencing can be met. For centimetrelevel precise estimation of relative positions with a navigation grade inertial measurement unit, however, the deeply integrated GPS/inertial system requires augmentation with additional sensors.
In the paper by Huisman et al. with the title 'GNSS precise point positioning in regional reference frames using real-time broadcast corrections' a new approach is proposed for the improvement of the performance of precise point positioning (PPP) for a stand-alone GNSS receiver in regional reference frames. A comparison between the global broadcast correction approach where the transformation between the global and regional frame is performed at the user-side and a regional approach where the transformation is done server-side revealed position differences of up to 80 mm for GNSS stations distributed across Australia. These time-varying, receiver-satellite geometry-dependent position biases are caused by scale differences between the two reference frames. In practice the authors proposed to only apply the rotations and translations in the transformation, but not the scale factor, as one can even do with only a height correction or no correction at all depending on the application requirements. Hence on the user-side the standard PPP algorithms need not be modified.
The paper 'Measurement uncertainty in network RTK GNSS-based positioning of a terrestrial laser scanner' by Mårtensson et al. investigates the performance of network real-time kinematic (NRTK) positioning for precise direct geo-referencing of point clouds from terrestrial laser scanners. For geo-referencing not only the position of the scan-ner, but also its orientation is required. Measurement uncertainty in positioning of the scanner using a NRTK service provided by a continuous operating reference station (CORS) network in Sweden was analysed. The results show that it is possible to achieve a standard uncertainty of less than 10 mm in horizontal position and 16 mm in height, independent of the observation time, which was in the range of one to five minutes, and the rotation radius of a rotating GNSS antenna in comparison to a stationary antenna. The authors conclude that in practice it is not necessary to rotate the GNSS antenna during the laser scan, though it is necessary to carry out NRTK measurements on the same tripod as the scanner, before or after scanning. In this way the planimetric position of the scanner is obtained. For the height determination, however, a calibration procedure is required to define the vertical offset between the centre of the scanner and the GNSS antenna reference point. To obtain the bearing of the scanner a backsight target has to be used. The position of the target can be measured also using NRTK during the scan.
Paffenholz and Bae contribute to this issue with their paper 'Geo-referencing point clouds with transformational and positional uncertainties'. The authors employ stochastic information, i.e., positional and transformational uncertainties, in at least two raw 3D point clouds for iterative matching of static terrestrial 3D laser scans to obtain global positions of scanned objects. In their approach, transformational uncertainties from processed GNSS observations and positional uncertainties from the range and angular uncertainties from the laser scanner as well as the incident angle of the laser beam to the surface are used. This information is important simply because it is fundamentally inherited from its measurement sensors, i.e., the terrestrial laser scanner, GNSS and other local orientation sensors such as an inclinometer. Due to an iterative matching procedure an 'optimal' point cloud is defined as a stochastic point cloud with minimal variances for each 3D point in an absolute coordinate system. The proposed method is able to effectively provide the necessary positional and transformational information for raw point clouds from two locations. In tests the mean coordinate uncertainty for a point cloud varied in a range of 6 to 9 cm.
Indoor location determination for inventory management is discussed in the paper 'Indoor locating and inventory management based on RFID-radar detecting data' by Chang et al. In the described application scenario a new generation of RFID-radar system (RFID stands for Radio Frequency Identification) is employed for the detection of RFID transponders (so-called 'tags') with the measurement of range and angle to the tags using a reader and an antenna array. The authors developed an in-house information system which can calculate the tags' location, check their status and analyse if they are moving between consecutive epochs. It is shown that the movements of the tags can be detected and location determination can be performed with an internal precision of around 0.8 m.
The last contribution by Bogusz et al. is entitled 'GNSSbased multi-sensor systems for structural monitoring applications'. In their work the authors employed a simultaneous measuring system using multiple sensors for structural monitoring of the dynamic state of several engineering structures. Observations from numerous sensors such as high frequency GPS/GLONASS receivers, inductive displacement sensors, total stations, code levellers, inclinometers and three-axes accelerometers as well as meteorological stations were numerically integrated for determination of the displacement vector and other parameters as well as the characteristic frequencies of the structure to be monitored. Tests on two 500 m long bridges, a temporary bridge for military purposes and 300 m tall chimney were performed. The preliminary test results revealed that a multisensor solution is capable of dynamic monitoring of engineering structures.
The diversity of the papers in this issue shows that new fields of applications have emerged in engineering geodesy and navigation, with commensurate increase in multi-sensor research topics. With the hope you find this collection of papers an interesting reading I wish you successful research in the field of applied geodesy in the coming years.
